Background: For healthcare systems, an ageing population poses challenges in the delivery of equitable and effective care. Frailty assessment has the potential to improve care in the intensive care setting, but applying assessment tools in critical illness may be problematic. The aim of this systematic review was to evaluate evidence for the feasibility and reliability of frailty assessment in critical care. Methods: Our primary search was conducted in Medline, Medline In-process, EMBASE, CINAHL, PsycINFO, AMED, Cochrane Database of Systematic Reviews, and Web of Science (January 2001 to October 2017). We included observational studies reporting data on feasibility and reliability of frailty assessment in the critical care setting in patients 16 years and older. Feasibility was assessed in terms of timing of evaluation, the background, training and expertise required for assessors, and reliance upon proxy input. Reliability was assessed in terms of inter-rater reliability. Results: Data from 11 study publications are included, representing 8 study cohorts and 7761 patients. Proxy involvement in frailty assessment ranged from 58 to 100%. Feasibility data were not well-reported overall, but the exclusion rate due to lack of proxy availability ranged from 0 to 45%, the highest rate observed where family involvement was mandatory and the assessment tool relatively complex (frailty index, FI). Conventional elements of frailty phenotype (FP) assessment required modification prior to use in two studies. Clinical staff tended to use a simple judgement-based tool, the clinical frailty scale (CFS). Inter-rater reliability was reported in one study using the CFS and although a good level of agreement was observed between clinician assessments, this was a small and singlecentre study. Conclusion: Though of unproven reliability in the critically ill, CFS was the tool used most widely by critical care clinical staff. Conventional FP assessment required modification for general application in critical care, and an FIbased assessment may be difficult to deliver by the critical care team on a routine basis. There is a high reliance on proxies for frailty assessment, and the reliability of frailty assessment tools in critical care needs further evaluation. Prospero registration number: CRD42016052073.
Background
As the proportion of older patients admitted to critical care rises [1, 2] , there is a pressing need to understand how critical care might best support a population with potentially complex medical, physical and psychosocial concerns. Only recently have studies started to explore the relevance of frailty assessment to the care of critically ill adults [3, 4] . Related to, though distinct from, comorbidity and disability, frailty is a term used to describe "a condition characterised by loss of biological reserve and vulnerability to poor resolution of homeostasis following a stressor event" [5] . Frailty implies an impaired ability to withstand the physiological disturbance of an acute illness, and although it becomes more prevalent with age it is not exclusive to an older population.
A range of methods to evaluate frailty are described in the literature [5] [6] [7] [8] , with the utility of a particular frailty assessment tool dependent on the purpose, setting, time available, and skill of the assessor [9] . For the acutely ill, assessment tools might best be described as one of: a judgment-based measure (e.g. the clinical frailty scale (CFS) [10] ); a single physical performance measure (e.g. grip strength); a frailty phenotype (depending on the presence of typically three to five criteria [11] ); an extended multidimensional assessment (e.g. Tilburg Frailty Indicator [12, 13] ); and a frailty index, the number of accumulated deficits associated with adverse outcome presented as a proportion with respect to the total number (30 or more) of pre-specified possible deficits [14] .
Previous systematic reviews have examined the psychometric properties of frailty assessment tools in primarily non-acute settings [6] [7] [8] 15] . However, the validity and reliability of an assessment tool is largely dependent on the setting and population in which it was developed and validated [8] , and frailty assessment in the critically ill poses particular challenges. At the outset of critical illness, there is often a reliance on proxy respondents [4] . Furthermore, frailty is itself an independent risk factor for delirium, can coexist with dementia and is associated with disability [5] . Proxy ratings do not necessarily correspond with a subject's own assessment of function or quality of life during the recovery from critical illness [16] [17] [18] [19] . Last, there is inherent risk of inadvertently ascribing features of acute illness to underlying frailty [20] and of recall bias with retrospective inquiry. Given these concerns, we aimed to systematically review the literature to establish the feasibility and reliability of frailty assessment in the critically ill.
Methods
Our review was performed according to recommendations for the systematic review of observational studies [21] and was registered prospectively via PROSPERO (PROSPERO, https://www.crd.york.ac.uk/PROSPERO/ display_record.php?RecordID=52073) with registration number: CRD42016052073.
Eligibility criteria
The inclusion criteria were:
1. The study included adult (16 years and over) patients being managed in a critical care environment. 2. The study involved the application of a multidimensional frailty assessment tool. 3. The study presented data relating to the feasibility of frailty assessment in the critically ill (timing of evaluation, the background, training and expertise required for assessors, and reliance upon proxy input), and/or of the reliability of frailty assessment in the critically ill.
Reviews, case reports and case series were excluded; studies that collected data retrospectively were not excluded, but the potential bias associated with retrospective as opposed to prospective study was considered. Data from the control arm of randomised controlled trials (RCTs) were considered for inclusion if the trial eligibility criteria identified a study population that was representative of the general critical care population. Studies were limited to English language publications from 2001 onwards. However, there was no restriction on the basis of publication status, provided eligibility criteria were otherwise met.
Information sources
We searched the following databases from January 2001 to October 2017: Medline, Medline In-process, EMBASE, CINAHL, PsycINFO, AMED, Cochrane Database of Systematic Reviews, and Web of Science. Additional studies were sought from grey literature using the Open Grey database and by screening critical care conference abstracts, from the reference lists of papers and review articles, and through searches for full-text publication of relevant abstracts.
Data management
Two authors independently screened titles and abstracts. An additional author also contributed to hand-searching reference lists of identified papers and review articles. A spreadsheet was used to keep a log of all potentially relevant studies and reasons for inclusion or exclusion. In the event of disagreement following full-text review, consensus was achieved through discussion without recourse to a third author. Data from included studies were extracted using a standardised data collection proforma and additional information sought from trial authors where appropriate.
Data items
Study data extraction included: author, year, publication type, country, methodology and setting. Relevant patient characteristics of studied cohorts included: demographic data (age, gender), presence of co-morbidity, evidence of baseline level of dependence, primary reason for admission, surgical status, and severity of illness (according to established illness severity scales). Timing of frailty assessment was recorded (e.g. with reference to a point in time before the acute illness, at time of referral, at time of admission to critical care, or during recovery from acute illness), and interval between assessments. Information on the participation of the patient in the frailty assessment process was collected, as was the background of the individual(s) making the assessment of frailty.
Outcomes and prioritisation
Feasibility of the frailty measurement tools in critical care was assessed on the basis of time taken to perform the assessment, training, and expertise required to implement, the proportion of potentially eligible patients excluded, and reasons for exclusion (e.g. due to lack of proxy).
Given that frailty state is not static in the context of an acute illness [4, 22] , in assessing reliability our primary interest was the contemporaneous measure of inter-rater reliability. Where available, for ordinal scores we extracted the linear weighted kappa in line with consensus-based standards [23] .
Risk of bias for individual studies
We did not identify any eligible RCTs, but for observational studies the risk of bias was assessed using the Newcastle-Ottawa checklist [24] according to the domains of selection, comparability, exposure, and outcome. For each domain, a judgement of low, unclear, or high risk of bias was made. Studies were considered as at overall low risk of bias if all domains were judged as low risk; studies were considered high risk if any domains were deemed high risk. Depending on number and risk of studies identified, it was intended that sensitivity analysis might be performed excluding high-risk studies.
Results

Study selection
Search results are summarised in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [25] diagram (Fig. 1 ). There were 2180 articles identified, of which 69 were considered potentially eligible. Following full-text review, a total of 11 study publications were included [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] , representing 8 study cohorts and a total of 7761 patients.
Study characteristics
The characteristics of included studies are summarised in Tables 1 and 2 . Two research groups presented separate analyses of study cohorts in multiple publications (Bagshaw [26] [27] [28] and Heyland [33, 34] ) but for the Fig. 1 Flow diagram of included studies [25] purposes of this review each study cohort was considered as a single study. Four studies were conducted in North America [26] [27] [28] [29] [33] [34] [35] , three in Europe (including one large study involving 21 countries) [30, 31, 36] and one in Australia [32] . The majority of studies were multi-centre [26] [27] [28] [29] [30] [33] [34] [35] [36] and set in mixed medicalsurgical ICUs. The median sample size was 385 patients (range 30-5021). Four of the studies adopted age restrictions: age 50 years or more [26] [27] [28] , 65 years or more [30] , and 80 years or more [33, 34, 36] . Only one study explicitly excluded patients with severe cognitive disease, including dementia [29] . The majority of patients were male, and 61% received invasive ventilation.
In the majority of studies, the main aim was assessment of predictive validity (e.g. in terms of mortality, length of stay, disability, and health-related quality of life). In only one study was the primary intention to evaluate reliability of frailty assessment [31] , and in only one other was the feasibility of frailty assessment an explicit outcome [32] . However, each of the other six studies included presented data sufficient to enable evaluation of the feasibility of frailty assessment in critical care.
Risk of bias within studies
Six studies were considered at unclear overall risk of bias [26-31, 35, 36] and two studies were considered at low overall risk of bias [32] [33] [34] (Table 3) . Regarding selection bias, the Bagshaw, Fisher, and Heyland reports were considered at low risk, since potential differences between patients recruited and not recruited had been explored [26] [27] [28] [32] [33] [34] . In terms of comparability, the Fisher, Heyland, and Hope reports were considered at low risk of bias, since in these studies the proxy contribution to assessment of frailty was quantified [32] [33] [34] [35] . Only one study explored the reliability of frailty assessment, for which outcome bias was considered low risk due to the adoption of blinded assessment [31] . No studies were considered high risk and sensitivity analysis was therefore not performed.
Assessment of frailty
All studies evaluated frailty using a clinical frailty scale (CFS) [10] ; six studies used a 9-point scale [26-28, 30, 31, 35, 36 ] (see Fig. 2 ) and two a 7-point scale [29, 33, 34] . Additional scoring systems were used in three studies [30, [33] [34] [35] . Two studies utilised a frailty phenotype (FP) assessment, identifying frailty on the basis of the following domains: shrinking, weakness, slowness, low-level physical activity, and self-reported exhaustion [11] , but modified for use in the critically ill (see Table 4 ) [30, 35] . Furthermore, Hope and colleagues supplemented these FP domains with questions relating to cognitive and to sensory impairment [35] . One study utilised a frailty index based on a 43-item comprehensive geriatric assessment (CGA) [33, 34] .
Timing of frailty assessment was available in seven studies. Frailty was assessed at critical care admission [30] , within the first 24 hours [32, 36] or first 72 hours of critical care admission [29, [33] [34] [35] (Table 5) . A variety of reference points for assessment were adopted: the subject's condition before ICU admission [32] , before hospital admission [26] [27] [28] , before onset of critical illness [29] , before acute illness and hospital admission [36] , 2 weeks before hospital admission [31, 33, 34] or one month before hospital admission [30] .
Feasibility of frailty assessment
A member of the research team assessed frailty in five studies [26-29, 31, 33-35] ; in three studies critical care doctors with clinical rather than research responsibilities assessed frailty using a CFS [31, 35] or a CFS and FP [30] ; in one study critical care nurses and doctors assessed frailty using a CFS [36] , and in one study it was the nurse-in-charge or next-of-kin (with nurse guidance) who assigned a CFS score [32] ( Table 6 ). Researchers received specific training to familiarise themselves with the study and assessment tool(s) in four studies [29, 31, [33] [34] [35] ; critical care nurses received CFS training in the form of a series of lectures in one study [32] . In the remaining three studies, training clinical staff to use CFS took place in a staff meeting [30] , at the bedside [31, 35] deemed not to need particular training "since the description combined with illustration is intuitive" [36] . The times required for training and to perform assessments were for the most part not captured during the course of included studies (Table 6) . Two studies excluded patient involvement in frailty assessment in their methodology [32] [33] [34] . Of these, availability of a family member was a requirement for study enrolment in Heyland's study [33, 34] . In Fisher's study, the CFS assessment was expected to be made by the next-of-kin under the guidance of the bedside nurse, using a standardised introduction; however, CFS assessment was made by the nurse-in-charge if the next-of-kin was unavailable in the first 24 hours of critical care admission [32] . The researchers reported that when no assessment had been made, patients were more likely to have been post-operative or to have had a shorter critical care stay. In Le Maguet [30] , 31% of patients were able to interact with an interviewer to enable assessment, and in Hope [35] , 42% patients contributed to frailty assessment. In the other three studies, patient participation was not recorded.
or was
Where recorded, a proxy was involved in 58% [35] , 69% [30] , 73% [32] and 100% [33, 34] of frailty assessments (Table 6 ). Fisher found that it was not possible to approach the next of kin for involvement in assessment in 27% cases within the first 24 hours of critical care admission; however, since the nurse in charge could make a CFS assessment on the basis of medical records, this did not prohibit frailty assessment [32] . Flaatten did not specify the contribution of patient or proxy to assessment, but noted that CFS assessment was achieved in 99.8% of cases included [36] . Hope noted that in some instances surrogates were unable to answer questions relating to an assessment of frailty according to FP assessment, for example, according to domains of weight loss (5% of cases) or loss of energy (3% of cases) [35] . Le Maguet also found that "several components of the FP score, notably those that evaluate performance, were difficult to explore in ICU patients" [30] . Overall, screened patients excluded from enrolment due to lack of proxy availability ranged from 0 to 45% in five studies [29, 30, [32] [33] [34] [35] : the highest exclusion rate was in Heyland's study, in which frailty was assessed according to a 43-item CGA and a CFS, and in which family involvement was an absolute requirement for enrolment [33, 34] .
Reliability of frailty assessment
Reliability of frailty assessment was assessed in only one study, which evaluated the inter-rater reliability of frailty assessment using a CFS as a comparison between two groups, a group of medical students and a group of critical care doctors. Linear weighted kappa was 0.64 (95% confidence intervals 0.40 to 0.87, p < 0.0001), suggesting good agreement. However, this was a small (n = 30), single-centre study comparing only two groups of assessors (medical students and critical care doctors, excluding other members of the clinical team), and which did not make reference to the relative contributions of the critical care patient or a proxy.
Discussion
In assessing the feasibility of frailty assessment, we have made a distinction between those primarily involved in clinical and in research roles in view of anticipated differences in training and time available to apply assessment tools. Though not well-described, clinical staff for the most part appear to have received relatively little training with regards the application of frailty assessment tools compared with those described as "research coordinator" or "study personnel." Despite this, the high proportion of patients among included studies undergoing frailty assessment using the judgement-based CFS by clinical staff is likely to reflect its simplicity and ease of application [36] . Indeed CFS assessment seemed achievable even in the absence of family contact [32] . With regard to other assessment methods, the two studies utilising FP assessment reported difficulties with some components of FP assessment, despite making adaptations for a critically ill population. However, FP assessment was used by both clinical [30] and research staff [35] . The early phase of critical illness typically precludes elements of frailty assessment, which require demonstration rather than description (e.g. grip strength and gait speed), though such assessment appears feasible for ICU survivors much nearer to hospital discharge [37] . The consequences of such modifications for frailty classification and predictive validity in this population are uncertain [38] . FI-CGA was used to assess frailty in only one study, and although the time required to administer the 43-item questionnaire to a family member by the research coordinator was not recorded, it is unclear whether this would be too time-consuming to be feasibly delivered by a critical care team on a routine basis. Recent research has reported the development and validation of a 36-item electronic frailty index (eFI) using routinely available electronic medical record (EMR) data [39] , which may be an attractive approach for critical care but requires further validation in this context.
A high proportion of enrolled patients were invasively ventilated and only a minority able to participate directly in frailty assessment. There is clearly a heavy reliance on proxy input for frailty assessment in this population, particularly when detailed information is required [32] [33] [34] , and Heyland's study illustrates the difficulty of coordinating the availability of assessor and an appropriate family member when FI-CGA assessment is made by a limited number of trained individuals.
A dependence on proxy input is also highly relevant when considering the reliability of frailty assessment in the critically ill. We identified only one small clinical study that investigated the inter-rater reliability of CFS assessment between a group of critical care doctors and a group of medical students [31] . Although there was a good level of agreement, the study did not capture the relative contributions of the patient or their proxies to frailty assessment. Furthermore, we found no study that had attempted to compare assessment of frailty between clinical staff and critically ill patients or their relatives, or to evaluate the influence of clinical background, seniority, and training on frailty assessment. When carefully selected, other investigators have identified a high level of agreement between subject and proxy in terms of functional status after critical illness [40] . However, the retrospective nature of frailty assessment (in the manner identified in included studies) makes it prone to recall bias, particularly in the context of acute and sub-acute chronic illness [14, 41] . Furthermore, subjective elements (e.g. "exhaustion" [30, 35] ) rather than observable criteria may be especially susceptible to differences between proxy and subject ratings [42, 43] . The reliability of frailty assessment by clinicians is an important issue; in other settings, escalation decision-making following emergency admission may be made on the basis of a perception of baseline cognitive and functional status, which at best only modestly correlates with that of patient or relative [44] .
There are several strengths to this review. We prospectively registered our review protocol and have followed rigorous methodology to identify, evaluate, and summarise the current evidence on feasibility and reliability of frailty assessments in the critically ill. However, we recognise some limitations. Assessment of the feasibility and reliability of frailty assessment was the intended outcome of only two of the eight studies included, and this is reflected in absent or incomplete data on factors that may have contributed to inclusion or exclusion of patients (e.g. to "missed caregiver"), the background of assessor, the training and time taken to perform assessment, background of any proxies, and the relative involvement of patient and proxy in the assessments. As a consequence, for the purposes of evaluating feasibility and/or reliability of frailty assessment in the critically ill, only two studies were considered at low overall risk of bias.
However, our review has a number of implications for clinical practice. We found evidence that frailty assessment can feasibly be performed by different clinical members of the critical care team (whether physician, nurse or medical student), that patient participation in such assessment will be achieved in a minority of cases, and that a qualifying proxy is usually required. We found limited data indicating that frailty can be reliably assessed by clinicians in the critical care setting. Given the challenges inherent in frailty assessment in critical illness, more research is needed regarding the reliability of frailty assessment tools in critical care before frailty assessment can be used to aid clinical decision-making and/or trigger interventions.
This review highlights areas for future research. Frailty is a dynamic state, and frailty assessment in the context of variations in health trajectories prior to critical illness needs exploration. Further study is required to compare the relative performance of frailty assessment tools in critical care, taking into account the reference point for assessment, the background and training of the assessor(s), the capacity of the patient, and the relationship between patient and proxy. In particular, the relative performance of frailty assessment using routinely captured data versus bedside frailty assessment should be evaluated in this population. Last, a clearer understanding of the training required and the time taken to make an assessment of frailty needs to be considered in the context of the potential benefits of making that assessment.
Conclusions
This review has found little evidence of reliability and only limited evidence on the feasibility of frailty assessment in the critically ill. CFS was the most widely applied assessment tool by clinical staff, conventional FP assessment required modification for general application in critical care, and FI-based assessment may be difficult to deliver by the critical care team on a routine basis. Additional research is required to investigate the resource implications of routine use of frailty tools, to evaluate reliability when used by a range of clinical personnel, to investigate the use of routinely available EMR data for identifying frailty, and to study reliability in the presence or absence of clinical proxies before recommending widespread application in routine critical care practice. 
